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Matching Points Extraction Between Optical and TIR Images by Using
SURF and Local Phase Correlation
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Abstract

Various satellite sensors having ranges of the visible, infrared, and thermal wavelengths have been launched due to
the improvement of hardware technologies of satellite sensors development. According to the development of
satellite sensors with various wavelength ranges, the fusion and integration of multisensor images are proceeded.
Image matching process is an essential step for the application of multisensor images. Some algorithms, such as
SIFT and SURF, have been proposed to co-register satellite images. However, when the existing algorithms are
applied to extract matching points between optical and thermal images, high accuracy of co-registration might not
be guaranteed because these images have difference spectral and spatial characteristics. In this paper, location of
control points in a reference image is extracted by SURF, and then, location of their corresponding pairs is
estimated from the correlation of the local similarity. In the case of local similarity, phase correlation method, which
is based on fourier transformation, is applied. In the experiments by simulated, Landsat-8, and ASTER datasets, the
proposed algorithm could extract reliable matching points compared to the existing SURF-based method.
Keywords : Matching Points, Image Registration, SURF, Local Phase Correlation, Optical Image, TIR Image
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o] ZAgol= 7] VNIR el sldsh= 44

A E] 7)ol WHF ] mhebA, VNIR(Visible (blue) 5 4(green), M (red), T-412JA(NIR) vF4T)
and Near-InfraRed)?} SWIR(Short-Wave InfraRed)<] = 3= KOMPSAT-2, 3 ¢S -85k qlom,
Ao sgo] 2 G o) s 5o vhedek Hdut 3R 3m Wile] GAejadiel] tigk S 5
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A= KOMPSAT-3A %] HALS AlgataL Qi) ole] u}
ghA, doldt F3E5AS AUe oAl (multisensor)
G 7ol §3k(fusion) ¥ F3H(integration)ol ¥+ T}
&3l AFE50] Y= i (Dong et al., 2009; Byun
et al., 2013). 53], th2 3340 54 7= o
AlM7re] Aeket A3 matching)= 9% A8k 7]
314 *(automatic registration)ol] thel A= FIHH
2 TAlA Ge] &2 flste] dalwojof & A+
2} & 4= Uti(Han et al., 2012).

<) SR 2be) Agblgow, SN
A7 SIFT(Scale-Invariant Feature Transform)ﬂ
SURF(Speeded Up Robust Features)& & = AUt
(Lowe, 2004; Bay et al., 2008; Yeom et al., 2013).
SIFTS} SURF= 7% Wioll EAleh= a1t 545
ggate] 2Hol go]gh A|<ME|(description vector)
= AAskaL, MEREe] FAMS Atste] AdE 3
sh7 Itk T1efu) SIFT9} SURFE] A&HE s 942
R Ao] Aole 2, AT Askert Adhe & 9
t}. w2l SIFT 2 SURF9 2-2 EA7]8F AW
< 971 A Ajiste] EEEAdo] Adolgt
ts Al A-8at7] 913k vheFek A7 x1dEar 9l
o} =12]9] 9, Klimaszewski et al.(2013)> <)X
A3} gt doll A ol #](edge) HRE F=E3HaL,
A3l 21 ‘3 =(phase correlation)E %}-8-35}¢]
Fo@ERre TetRAS T o, Lu(2013)=
SIFTE o]&ste] g4 el AE sk, sid
A7) A4 Q)% A E(local phase correlation)
= A8l e 1t Abs 7IetEAS ekl
t}. B3k Zhao et al.(2014) SURFE] A<=dE] A7)
WS o599 d(multimodal image)ol] 2-8-5}7] $15ke]
MzaE o] FejE WeAlZl MM-SURF(MultiModal-
SURF) 7|¥= Aljkelal, o5 vhdgh Jefe] gl
837k aF3ith 9] 49, Gwon et al.(2013)>
7}9-A19F I)2Hi]| =(gaussian pyramids)E 83510
7 IR F737Ee] Aes 338l om, Lee(2014)
= v S P19l SURF baelsg A
83), ool Ul 2aE WAAIE alsie).
Ye(2014)= A= Y SH 5 AR, 71
o] I Ao e st sigich e &
A 7|6k Agks A Agole Aty 39

3

S

drfe] olg BYEHoR dlste] Rl wua

O

o= FHAA B2 5 Qow, A9 Y YJuEs
483 A9l w0l B Bl 35S slste] A
%) o1 e Ag S1Ao] webd] g Al
Asol Aske 4 ol E AT dEAel 54

2
o

= 7 9 (simulated image), LADNSAT 8,
ASTER 91/ W] 33t gl d4e) s o]-&ato
AFE TSIt AE G el e APEs
ggste] TstHAAYNE Hrleiier, AtAAE
npgo g gk A% 94 Adatee] o 7|skRA A
ofo] HeFA e Fote] E v=pellA] AR e
AA A87Fs3e stk

O:

2. A

A AT, 3 SA0] thE tAlA <
& ko] AP FET S J7NE 22 EA7HE
A7 ks ol 8siie aaHl Ay AE
EZ317] ok o]o & ATtellAw= Al o/
54 719k 711 ARs Afet] =R B 7=
7IHE ARbIITE 4, AARE g9 Vs
(reference) A4kl thale] SURF 7S 3 E4%
< FEUTE F2E SAHE FAOE sl "HERS
T8 %t (target) GolA tl-g== BlIES 7o)
phase correlations Alhtste] o332 2o f1x&
FAgL A AAREE AR HAF = A
= ol SR dA S S & o]E v E i

2.1 AA= 2A
B =Tl Akl dare]Ee o
ARESEe] EAA ghe] ARPES =3 wliell 3
to] ®lEEl F7)eF gl Z7]9] AAo] B3t
4] 914397 dolle] 485 91k, Ayl A8
52 27 7t SEOIUE FgeE 7Hgst
Alo] 7] #xe] Aol A7) 3
ARE 227} EANSE) wiiell, 93
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2 i
ShEAS] 54718 4719 5 el SURF 719

O

T 9’d(integrated image)= AFEEO=H ThRE 574
719k A7 el vls) wE SeE Kol o] 9l
(Bay et al., 2008). A Taslr] flgk 5442 3l
A9t = (Hessian matrix)< 7|HFo 2 FE30) 4
Ul dele] A& p=(z,y) 2L & wl, 2AY o L w9
AR 4 Hip,o)= 2 ()3 o] vekd 4=

L,,(po) L,,(p.o)

Hpo) =\ 1" (p.0) L, (po)

(1

~—

oA7IM L,, (p,o) = p Aol tiate] x WgFow ~
A ol ZRPAIRE HEE o]831e] 24} WS Felet A
V5 Sl A9HARI ZRAIRE 7S] - 2AY F
2ol ZAAshs HolX|uk, dell A88hr] Sl &
s} ol Are] AR 18k A ES(repeatability)
& dolmale wilo] SItKFig. 1. (a),(b)). WA
SURF 7|Holl M= Akske sAgh vhs HEE ARS-
alo] ARe] £28 Zo|3 AR Y S deslelar
2} SFAk(Fig. 1. (c),(d)). 2+ HollA] At FES: 2]

(a) (b)

© (d)

Figure 1. General Gaussian second order partial
derivative in (a) y and (b) xy directions, and
approximation for the second order Gaussian
partial derivative in (c) y and (d) xy
directions used in SURF method (Bay et al.,
2008).
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(S =3l Axkst 3 o]o] digh s H2)(determinant)
Fhe itk 1 gho] =AY FXMEelA A9 A
“h(local extrema)= 7H W, 71 A& EAHORE &

gt

2.3 Y ABEE o]83 A9 AP =&
SURF 7|9& 53 =9 EAHE A %

2kl 8K orientation) S V|- oR XS & 3§
H TSk x, y Wkl tigk A s Akt

=, Al F 5300 et Rl EAlsks Wk
o] zto]7} F fnk opife} Y7k Wsle] Yot WSk
I3 U= 4= 9tk =5 SURF AsAlE o]-83ke] 7|&
Aog FHEAC] tE teAlN s Al
+ B2 olgwol vk webA, g A Hq7ke] 3
HE9 el S o] gate] AS Tk 99 &9
A7) Fetdd dAed G BES o
sh=t] mapAolekar AeRgich

olof] & AllA= tsAlA Gelle £ 43 4
= Bt Azl S s A9How A8
sto] 3PS FEstaal sigith 9 et e
e W (translation) 2 3] H(rotation), =3
(scale)S F= T AUANE 2 AFolA= S A
L5 ARgste] QR Atolo] MRS argste]
&s FAIE G e BER Y L(zy),
L(z,y) 7t AL & o, 7= 43 1ke] 91

4w CE ted 48 olgdel THT & A

o=

o)

) 2

o7|M, F, F'& Zp7b 2x) el wigk (2D
Fourier transformation), 2xF FFglo] w3l (2D
inverse Fourier transformation)S 2Jv|ght}. 24 (2)&
o] 3 dhs SIS wle] x, y MRS o8-
ate] SURFE 3l 549 5439 e A

AP FEF,

ot

2.4 QAFE A H AR A
& AellA= SURF 793t 91 dd= 7E &
3 F=% AES ol8ste] F A 1] AATAE
g 3(projective transformation) .2 F &3} T}
HIAE RElll FRishe 94397 k] X

1=
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Argshsd] aabdolebar deA] QitkHan et al,
2014). 7194 Ay %}E-E— (X,Y), olell ol-5-3f
= e A FAEE (xy) 2R & ), F9H
3o o] 4] (3)S B3 7+ 4 Stk

_axtbyte

dr+ey+1 )
_ Jetgyth

dr+ey+1
047Wah 8719 EdmelAs2 41:] =0

HIAITE T8b7] flsixe FHa 47H4 =
Afstefof O}DL 1 ool EAE AT ﬁixﬂ‘g‘t@
(least square method)S B34 Al5E F4E 4=tk

o2l ZhzisAl AAIE A3 7ol sk, 4
ol 9127} AX|E}A] Y= QAT EA 4= Q)
onF olF Ak Hgo] FH| R Q7 o]
of & Aol FE=H APl tiste] Al &=
@54 7142l RANSAC 7IHE Agate] A4
AAstL FeJHgRdlaS A5t (Fischler and
Bolles, 1981). =% Q33 ol& &3l 8% =4
Aog AHE 7IstHA Ayl gk B7kE 98l A
o5 AY=EE S48k A15Q] RMSESF CE90S 7|
Akl o™, SURF 7o R =ad APy =
Ao} Hlag7hs Falsigick

e 7SIt 8bit %37

Fo] o DN#k255)7} 33t
Fig. 2(d)9} ol 7]-“4 A4

RS
3T
(Principle Component Transformation)
o] PC1 WIE=E ALE3EI9l o, dA]QA uﬂ_c;‘:_ LT

W3ty W=E ARSSPA(Landsat-8 AF52] 749 &

=
A1 Y=o TR sl ol
PC1 WI=(ASTER #}=9] 49 28319},

2

:

N
o d
o
o‘i
_,d

7¥e17] 98] MAS Al Asx e o
ste], 715973S Ul o= SURF 7|Hke] E4HS
Z3I9lek PR 71zt iste] 747} 5,227, 40,655,
14,424 7] E4H-0] FZ2EJk 7 SAHS 7L
£ a3t 759

2} 7}o]| 64X64 37]9] @%‘“ﬁ% TG & olE 7]

bl 24l ﬂw% FE3Ch RANSAC 7]
& B3 FEE AT hote] LIS AT 5
4

1, 2, 39014 7zt 5,159, 6,364,

J‘L"”§7F— H all, 2= *‘6‘“1“01] ti3le] SURF 717k]
3. 4% 48 % 2% AR 52 S A3 A 52 2BRER Q3
HE *Ellj Aol oA Ai=E AR EAAS 5]
3.1 A% A7 3 A9 g glolth AEAS 15 VIEeR AdES ARTE
B Aol MEelA AFTE uke o]l NIR % 2w, & 24709 A 5 AL 3 A= 353}
S 283 7Md 947, Landsat-8, ASTER 91/ A 2 23199t} Fig. 4% SURFE %3] A= A3
of AHESISITE 7 e KOMPSAT-3 9149783 o] 254 9382 HolFa Qrk oli= SURFS} 2
_ 8-8]—03] :rL/ﬂ;]_o:l Ol:l:] /\l-o—qoﬂ /\]_Q_Q ;(]oﬂ ‘g_; og}b]_g] l—ETXo ]?l’ xq‘gl_7‘|]j_]o EZ;HH\_ HJJ_EHO] ]—4_% ]—4%
£ Table 1, Fig. 29} 72t} KOMPSAT-39] target AAGAt ko] 78R Ae] ofFHtk= AL o]t}
G732 NIRHI=9] DNgkell WH|#|ales g%°] DN FE2d APES Vo s Fusin g s H1A5)
Table 1. Specifications of datasets
KOMPSAT-3 Landsat-8 ASTER
Reference Target Reference Target Reference Target
location Suwon, Korea Cheongju, Korea Cheongju, Korea
date 2013/05/05 | 2013/05/05 | 2013/10/27 2014/10/14 2007/04/26 2009/04/22
PC1 band by Land surface | PC1 band by | PCl band by
reszl;)ftci;rj(lum) " I;LIRO g) | Pseudo TIR|  VNIR temperature by VNIR TIR
) ) (0.43-2.29) |TIR (10.60-12.51)| (0.52-0.86) (8.125-11.65)
spatial 2.8 30 100 15 90
resolution(m)
image size(pixels) 1000x1000 2000x2000 1400x1700




(d) KOMPSAT 3(target)

(e) Landsat-8(target)
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Figure 2. Study area

© matched point from reference image
Iched points rom sensed image

(a)
Figure 3. Results of matching points extraction by the proposed method: (a) site [(KOMPSAT-3) (b) site
2(Landsat-8) (c) site 3(ASTER).
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Figure 4. Matching points extraction by SURF method

in site 1.

(@)

(b)
Figure 5. Mosaic image generation by the proposed method: (a) site 1 (b) site 2 (c) site 3.
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Table 2. Results of matching points extraction and accuracy assessment

Site

Matching points

RMSE CE90

All After outlier removal

Regular grids + local phase correlation

1: Simulated

(KOMPSAT 3) 400 389 0.008 0.014
2: Landsat-8 1,600 270 2.160 2.830
3: ASTER 952 35 i -

Proposed method (SURF + local phase correlation)

1: Simulated

(KOMPSAT 3) 5,227 5,159 0.002 0.003
2: Landsat-8 40,655 6,364 1.142 1.508
3: ASTER 14,424 456 4.086 5.257
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